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INTRODUCTION 


This  Interagency  Agreement  for  Collaborative  Research  on 
Seafood  Toxins  has  contributed  substantially  to  advances  that  are 
important  to  both  the  food  safety  mission  of  the  U.S.  Food  and 
Drug  Administration  and  to  the  medical  defense  against  biological 
warfare  mission  of  the  Department  of  Defense.  Significant 
progress  has  been  made  in  all  areas  of  the  Scope  of  Work.  These 
are  summarized  in  the  Workscope  Accomplishments.  Collaborative 
studies  with  DOD  have  continued  following  the  termination  of  this 
formal  agreement.  We  gratefully  acknowledge  the  support  and 
encouragement  of  Colonel  David  L.  Bunner,  M.D.,  and  Robert  W. 
Wannemacher,  Jr.,  Ph.D.,  of  the  U.S.  Army  Medical  Research 
Institute  of  Infectious  Diseases. 

The  following  individuals  participated  in  the  described  studies 
(NPIB  =  FDA  Natural  Products  and  Instrumentation  Branch) 

Samuel  W.  Page,  Ph.D.  (Project  Director)  (NPIB) 

Sherwood  Hall,  Ph.D.  (Principle  Investigator)  (NPIB) 

Robert  Dickey,  Ph.D.  (FDA  Fisheries  Research  Branch,  Dauphin  Island,  P 
Mohamed  N.  Gomaa  (NPIB) 

James  Hungerford,  Ph.D.  (FDA  Seafood  Products  Laboratory,  Seattle,  WA) 
Ellen  W.  King  (NPIB) 

Roger  Mann,  Ph.D.  (Virginia  Institute  of  Marine  Science) 

Edward  Moczydlowski ,  Ph.D.  (Yale  University  School  of  Medicine) 

Edward  P.  Ragelis,  Ph.D.  (NPIB) 

Julia  Rainer  (Virginia  Institute  of  Marine  Science) 

Gary  R.  Strichartz,  Ph.D.  (Harvard  Medical  School) 

John  J.  Sullivan,  Ph.D.  (FDA  Seafood  Products  Laboratory,  Seattle,  Wa; 
Mark  Tamplin,  Ph.D.  (FDA  Fisheries  Research  Branch,  Dauphin  Island,  A] 
George  C.  Yang,  Ph.D.  (NPIB) 


WORKSCOPE  ACCOMPUSHMENTS 


I.  Determination  of  Pur*  Paralytic  ShelMah  Pofsons  {PSP)  Reference 
Standards 

A.  Nuclear  Magnetic  Resonance  Spectroscopic  Studies 

Nuclear  magnetic  resonance  (NMR)spectroscopic  studies  have  been  carried  out  on  12 
of  the  PSP  toxin  standards  and  on  domoic  acid.  These  studies  have  included  proton, 
carbon- 13,  and  nitrogen-15  NMR  spectral  measurements.  Extensive  studies  of  the 
changes  in  the  molecular  structures  of  saxitexin  and  oeosaxitoxin  with  variations  in  pH 
were  also  carried  out. 

The  NMR  studies  of  the  saxitoxins  included  efforts  to  quantify  the  toxins,  both  to 
determine  epimer  ratios  of  the  11-hydroxysulfate  toxiis  and  to  determine  the  absolute 
concentrations  of  some  of  the  synthetic  saxitoun  derivatives  produced  for 
pharmacological  characterization.  Notwithsunding  the  intrinsic  difficulties  of  NMR 
quantitation,  these  efforts  were  fairly  successful,  establishing  concentrations  or 
concentration  ratios  within  better  than  10%  accuracy 

The  preparation  of  a  manuscript  describing  these  studies  is  in 
progress.  The  description  of  the  NMR  spectroscopic  techniques 
are  given  in  Appendix  A. 

B.  Optical  Rotation  Studies 

Opiicai  roiaiion  was  used  as  a  measure  of  toxin  purity  in  the  classical  studic^s  oi 
saxiioxin  purification  and  has  been  neglected  since,  given  the  availability  of  more 
sophisticated  techniques.  This  technique  was  evaluated  during  the  present  studies  and 
found  to  be  one  of  the  beiicr  techniques  for  evaluating  the  absolute  purity  of  saxiioxin. 

The  opiicai  rotations  of  pure  saxiioxin  preparations  agreed  well  with  the  previously 
reported  value,  (aj^-  =  1.30*. 


Tha  llalclnf  factor  to  luch  da  c « ra  1  nac  tons  turn*  ouc  co  !>«  cht  accuracy 
with  which  cht  icy  wttghc  of  cht  saxteoda  can  !>t  dtctralnta.  Tht 
purtflciclon  of  laxtcoxln  now  Involvta  rtgitactd  chroaa cog raph t c  fCtpa  which 
provtdtt  a  purl  ft  ta  pr.>aucc,  which  It  a  glatty  *0114.  Tht  purtcy  of  chi* 
produce  au*c  ht  1  ndt p t ndt n c I y  Jtctralatd.  If  cht  final  aaxlcoxln 
prtparaclon  wtrt  a  cryicalllnt  «olld,  rathtr  chan  a  aaorphous  *olld,  Ic* 
purtcy  and  tatt  of  aantpulaclon  would  ha  « tga 1 f ic anc t y  tnhancad.  Thtrc  art 
cwo  publlahtd  account*  tn  which  *axlcoxl*  has  hacn  c r y * c a  1 1 1 x ad :  as  cht 
tchyl  htal'xtcal  d  1  hyd  roc  h  lo  r  Ida  and  as  cht  d  l-p-hrosobt  naena  su  I  f  on  Ic  acid 
sales.  Tht  lacctr  approach  has  haan  avaluartd  and  found  CO  ha  less  chan 
Ideal  for  cht  purposes  of  purification  or  characcarlaac Ion  hacaust  of  Che 
saall  slit  of  cha  resulting  crystals  and  chair  ralactvaly  high  solubility. 
3u*  to  the  high  solubtltcy,  chasa  crystals  can  only  ba  obcalnad  froa  highly 
concancracad  solutions,  to  constdarabla  dlfflculctas  ware  ancounttrad  In 
raaovlng  iapurlclas  present  In  cha  aochar  llguors.  Currant  and  future 
efforts  will  focus  on  optlaltlng  these  approaches  and  on  cha  search  (or 
batter  acid  salt. 


C.  X-Ray  Crystallographic  Structure  Qeteralnations 

The  crystal  structures  of  saxltoxln,  C2,  and  C*  had  been  previously 
determined  and  have  provided  Important  Insights  Into  the  detailed  structure 
of  the  toxins.  However,  the  resolution  obtained  In  the  previous  C2  X-ray 
c r y s t a  1 lo g r aph  1  c  analysis  was  of  poor  quality.  In  addition,  none  of  these 
previous  studies  defined  the  orientation  of  the  I  I  -  a  1 pha -hy d r oxy  1 
substituent.  This  Information  Is  of  considerable  Importance  to  the 
understanding  of  the  chemistry  and  pharmacology  of  the  satltoxlns.  After 
several  efforts,  crystals  of  saxltoxln  Cl  (an  I  I -a  1  nha-hy d r ax y su  1  f a t e  )  and 
C3  suitable  for  an  X-ray  crystallographic  structure  determination  were 
obtained.  In  collaboration  with  the  Haval  Research  Laboratory,  the  crystal 
structures  for  Cl  and  C3  were  determined  for  the  first  time.  In  addition, 
a  higher  quality  structure  for  C2  was  obtained.  These  data  sets.  In 
conjunction  with  the  HMR  data,  will  be  of  great  Importance  In  our 
continuing  efforts  to  model  the  active  cooformat Ions  of  the  saxltoxlns  and 
their  Interactions  with  the  sodium  channel  binding  sice.  Computer¬ 
generated  crystal  structures  for  Cl  and  C2  ace  given  In  Appendix  S. 

?.  Investigations  of  the  Modes  of  Actions  of  the  Individual  PSP  Toxins 

Collaborative  studies  of  the  molecular  basis  for  the  action  of  the  PSP  toxins  were  carried 
out  with  Dr.  Gary  R.  Strichartz  at  Harvard  Medical  School  and  with  Dr.  E.  Moczydlowski 
at  the  School  of  Medicine  at  Yale  University. 

The  efforts  to  characterize  the  interaction  between  saxiioxin  and  its  binding  site  and  to 
develop  a  suitable  non-exchangeable  radiolabcllcd  saxitoxin  derivative  have  focused  on 
the  synthesis  of  saxitoxin  derivatives  and  the  study  of  their  pharmacology. 

Alpha-saxiioxinol  was  produced  using  literature  methods  and  was  found  to  have  intrinsic 
activity  using  the  bilaycr  technique.  This  lays  'o  rest  the  uncertainty  regarding  previous 
experiments  which  employed  binding  or  electrophysiological  methods  that  could  not 
distinguish  between  intrinsic  toxicity  at  low  level  and  contamination  of  a  non-toxin 
derivative  with  traces  of  an  active  toxin. 

Acetyl  dccarbamoylsaviiovin  was  synthesized  and  found  lobe  active  using  both  binding 
and  single  channel  techniques.  This  derivative  is  formally  equivalent  to  the  replacement 
of  the  terminal  -NHjOf  the  carbamate  side  chain  with  a  -CH,.  This  result  suggests  that, 
not  withstanding  the  importance  of  the  21-sulfo  group,  hydrogen  bonds  to  the  terminal 
nitrogen  are  not  essential  for  binding. 

Dccarbamoyi  ncosaxiioxin  was  synthesized  and,  quite  to  our  surprise,  revealed  little 
detectable  activity  in  either  the  binding  or  single  channel  assays.  This  is  quite 
interesting,  since  it  lies  far  outside  the  envelope  of  additive  effects  of  the  two  functional 
modification.s  taken  separately.  These  results  suggest  that  there  is  an  intramolecular 
mierjciion  that  is  ncgatiscly  synergistic  with  respect  to  binding. 


3.  Development/Evaluatlon  of  Rapid  and  Sensitive  Analytical  Methods  for  the 
Detection,  Quantitation,  and  Confirmation  of  Seafood  Toxins 

An  HPLC  method  for  the  PSP  toxins  was  extensively  evaluated,  including  a  extramural 
contract  with  the  State  of  Massachusetts,  Theobold  Smith  Research  Institute.  In 
addition,  a  mass  spectrometric  procedure  and  a  radioimmunoassay  for  PSP  were  also 
evaluated.  The  Hokama  stick  test  for  ciguatera  toxin  was  also  evaluated. 


4.  Initiate  Studies  on  the  Accumulation  and  Release  of  PSP  Toxins  by 
Administering  Microencapsulated,  Radloiabelled  Toxins  to  Bivalves  under 
Defined  Conditions 

This  work  was  done  in  collaboration  with  an  extramural  contractor. 


5.  Provide  PSP  Reference  Standards  to  OOA  for  Evaluation  of  Analytical 
Methods. 

The  following  standards  have  been  delivered  to  DOA: 


saxitoxin: 

829 

mg 

neosaxitoxin; 

4.^ 

mg 

Bl: 

3.7 

mg 

B2: 

1 

mg 

Cl: 

18.5 

mg 

c:: 

15.8 

mg 

6.  Establish  Culturing  Facility  for  OInoflagellates  to  Produce  Clguatoxln-related 
Compounds  to  Be  Used  for  Structure  Elucldatlo''  and  for  Development  of 
Analytical  Methodology. 

A  culturing  facility  for  tropical  dinoflagcllates  has  been  established  by  Dr.  Robert  Dickey 
at  the  FDA  Division  of  Contaminants  Chemistry,  Fisheries  Research  Branch  Facility. 
Dauphin  Island,  AL  The  progress  of  these  studies  is  given  in  Appendix  C. 


7.  Organize  a  Workshop  on  DInofIsgellate  Toxins  with  Emphasis  on  Analytical 
Methodology. 

A  vorkthop  ’’Xatur*’.  Tocla*  fro*  Aquatic  and  iCartaa  En»  I  rooeant  a"  vat  hald 
27-)0  Aujuae  l»a7  at  tba  Narlaa  ll»la|lcal  Laboratary  at  Wood*  Sola, 

Ma  taachuaa  1 1  a .  Tha  procaadlat*  af  thla  caafaraaca  vara  pubUahad  by  tha 
Aaarlcaa  Chaalcal  Joclaty  la  March  I9t0.  Sli  capla*  af  thla  book  vara 
dallvarad  to  OOA  aa  26  April  1990. 


8. 


Provide  Consultation 


Consuhdtive  scrMces  have  been  provided  on  request.  In  addition,  field  samples  from 
several  episodes  of  human  toxicoses  related  to  marine  toxins  were  provided  to  DOA. 


i 

c 


APPENDIX  A 


Characberizaticn  of  PSP  Ttixins  by  Nbclear  Ibgnetic  Reaczenoe  S|)ec±ra9cxfiy 


E^PER-IKENTAL 


I'M?  spectra  of  STX  and  NBO  were  recorded  in  5%  020/95%  H2O  at  Vcirious  pH 
values  on  a  Varian  Associates  VaR-400  spectrcineter  for  the  following  nuclei: 
^H(400  MHz),  ^^C(100  MHz),  and  ^%(40.6  MHz). 


Proton  spectra,  described  by  1344  data  points  (real  part),  were  obtained  at 
400  IIHz  using  presaturation  delay  ti’nes  of  10  sec.  Pulse  widths  of  10  /xs 
were  employed,  wtiich  correspond  to  tip  angles  of  22®  with  5-mm  sample  tubes. 
A  lO-dB  attenuator  was  used  to  prevent  receiver  overload  under  these  signal 
acquisition  conditions.  Spectral  widths  of  1400  Hz  were  enployed, 
corresponding  to  acquisition  times  of  0.5  sec.  Chemi.cal  shifts  are 
reported  relative  to  the  water  signal  at  4.6  ppm. 


Proton-decoupled  spectra,  described  by  32,768  data  points  (real  part), 
were  obtained  with  broad-band  irradiatiOT  at  400  MHz.  Pulse  widths  of  7  /xs 
were  employed,  which  correspond  to  tip  auigles  of  35®  with  5-itjn  saitple  tubes, 
ffortral  widths  of  20  kHz  were  used,  corresponding  to  acquisition  times  of 
c.T.  e.o2  sec.  Data  were  subjected  to  a  1-Hz  line  broadening,  auid  chemical 
sr, jfts  are  reported  relative  to  the  C-12  resonance  at  99  ppm. 


P r o t on -d e c ou p  1  e d  spectra,  described  by  32,768  data 

points  (real  part),  were  obtained  with  STX  with  broad¬ 
band  irradiation  at  400  MHz.  Pulse  widths  of  10  /is  were 
employed,  which  correspond  to  tip  angles  of  3  5P  with  5-mra  sample 
tubes.  Spectral  widths  of  6  kHz  were  used,  corresponding  to 


aoqiuisition  tines  of  ca^  2,73  sac.  STX  data  were  subjected  to  a  0.4-41Z  line 
broadening.  Proton-decoupled  spectra,  described  by  16,192  data  points 
(real  part) ,  were  obtained  for  NED  with  gated  (nOe-suppressed)  broad-band 
irradiation  at  400  MHz.  Pulse  widths  of  24  ps  were  eqplo^'ed,  which 
correspond  to  tip  angles  of  90“  with  5-nm  saiiple  tubes.  Spectral  widths  of 
8  KHi:  were  used,  corresponding  to  acquisitiOT  times  of  ca.  3  sec.  A  pulse 
recycle  tine  of  11  sec.  wcis  erployed,  and  the  NBO  data  were  subjected  to  a 
l-Hz  line  broadening.  A  2.3  M  ^^0140!  solution  was  used  as  an  external 
standard  for  both  corpounds,  and  chemical  shifts  are  reported  relative  to  the 
resorance  at  24.93  ppm. 


STX/NTO 


DISCt'SSTCN 


fJMR  is  well  suited  to  address  the  question  of  deprotonation  order,  upon 
basif  ication,  of  the  qu^^nidinium  groups  of  SIX  ^^xi  NED  because  it  provides  a 
direct  probe  of  the  nitrogen  atcrs  which  are  involved  in  these  processes. 
Crucial  to  the  interpretation  of  pH-^^  chemcal  shifts  profile  data  cure,  of 
courru:,  assignments  of  resonances  of  the  nitzogen  nuclei  which  cctnprise  these 
tv-  guanidini'jn  groups,  viz,  nitrogens  1,3,15  and  7,9,16.  These  zissignments 
wore  ra'Jc  at  pH  3  and  7  by  means  of  chemical  shift  correlation 

operiments.  These  assigmnents  were  then  extended  to  other  pH  values  by 
o^jservlng  inter; tics  and  multiplicities  of  the  nitrogen  signals  in  question. 


Ilie  carbon  chenical  shifts,  on  vrfiich  *hese  nitrogen  shift  assignments 
are  based,  are  grouped  into  three  categories  for  purposes  of  ctssignment  and 
were  identified  by  the  follcwing  methods:  (i)  APT  experiments  and  chemical 
shift  (Considerations  differentiated  carbons  4,11,  and  12;  (ii)  direct 
heteronuclear  chemical  shift  correlation  (HETOCR)  experiments  distinguished 
carboas  5,f,10,  and  13,  and  (iii)  indirect  heteronuclear  shift  correlation 
(FLOCK)  experiments  identified  caiboTS  2,8,  and  20.  IP  elaborate,  the  three 
cjuatemary-sp^  carbons  (4,11,  and  12)  v^ere  easily  differentiated  because 
C-11  appears  as  a  quintet  due  to  deuterium  cxxipling  upon  exch^u1ge  of  the 
labile  11-protons  while  C-12  has  a  distinctive  geminal-diol  resonance  near 
100  ppm.  The  protonated  carbons  were,  IDca/ise,  readily  assigned  by  HEIX30R 
experiments  because  their  directly-attached  prate  s  (5,6,10,  and  13)  aire 
themselves  unambiguously  identified  ky  proton  chemical  shift  cxsrrelacion 
(CCS'i)  experiments:  protons  6,13A,  and  13B  cxrprise  a  relatively  isolated 
3 -spin  system  since  the  diliedral  angle  between  H-5  and  H-6  is  approximately 
90®,  eind  is,  therefore,  essentially  zero.  H-5  appears  as  a  slightly 

broadened  singlet  while  protons  lOA  and  lOB  aure  observed  as  an  isolated 
AB-system. 


Ar.si  -jament  of  tl^e  three  ejuatemary-sp^  carbons  (2,8,  auxJ  20)  vas  more 
d:flicjlt  because  their  chemical  shifts  are  very  similaur.  Hewever,  FLOCK 
experincnts  revealed  that  C-2  is  cxupled  to  H-6  aind  H-IOA.  In  adciiticai,  this 
carbon  appears  as  a  doublet  of  dcxiblets  in  fully-ocxpled  spectra.  C-8  is 

coupled  to  H-3  and,  correspondingly,  Is  observed  to  be  a 
doublet  under  conditions  of  full  coupling.  C-20  is  coupled 
to  both  13-proton3  and  appears  as  a  triple  in  coupled 
carbon  spectra.  Like  the  spectra,  assignments  of 


this  last  group  of  ccurbons  were  extended  to  other  pH  \’alues  by  observing 
multiplicities  of  the  carbon  resonances  in  question  in  fully-coupled 
carbon  spectra. 

Upon  establishment  of  the  assignments  of  the  seven  signals  over  pH  ranges 
which  encompassed  one,  or  both,  values  of  STX  and  I'JBO,  the  relative 
deprotonation  order  could  be  determined  for  the  two  quanidinium  groups  of 
each  toxin.  As  the  pH  of  an  aqueous  solution  of  STX  was  raised  frcm  4  to  11, 
resonances  ascribable  to  nitrogens  7,9,  and  16  were  observed  to  undergo 
changes  in  chemical  shift  of  4.5,50,  and  -11  ppm  respectively,  vAiile 
those  of  the  remaining  four  nitrogens  exhibited  less  change  individually 
(N-21)  or  as  a  group  (1,3,15).  Signals  due  to  the  dehydro,  12-keto  form  of 
STX,  which  predcrinates  over  the  12-diol  form  at  higher  pH,  appeared  for 
various  nitrogens  between  pH  8. 5-9. 5.  The  above  pH-chemical  shift  profile 
indicates  that  the  C-8  quanidimum  group  of  STX  deprotonates  at  Icwer  pH 
(PKa  approx.  8.6)  while  the  C-2  quanidinium  group  undergoes  deprotonation  at 
consideraibly  higher  pH. 


The  order  of  depronation  for  NBO  is  the  reverse  of  that  of  STX:  nitrogens 
1,3,  and  15  exhibited  changes  in  chemical  shift  of  caj,  14,-12,  amd  -12  ppm, 
respectively,  over  the  range  4-8.5.  At  the  higher  pH  range  6-11,  nitrogens 
7,9,  a.nd  16  displayed  chemical  shift  changes  of  5,43,  and  -11  ppm, 
respectively.  The  concerted  movement  of  resonances  of  first  the  C-2 

quanidinium  group  and  then  the  C-8  group  suggests  pKa  values 
for  the  two  units  of  7.2  and  9.25,  respectively.  As  in  STX, 
the  keto-dlol  equilibrium  of  NEO  shifts  in  favor  of  the  keto 
form  at  high  pH . 
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OOLLABORATIVE  RESEARCH  tTOGRAM  CW  SERPJOD  TOXINS 
FWXRESS  REPORT  CM  CIGUATERA  AND  RHAIH)  TOXINS 


Pinfish  whic±[  enter  the  U.S.  seafood  si;(ply  frcn  txqpical  end  suhtixpical 
regions  of  the  world  are  known  to  oocasionally  hartxar  natural  toodns 
\ihich  cause  a  fcxni  of  bunan  poiscning  referred  to  as  cigiatera.  Ihe 
responsible  toodns  originate  frcn  unicellular  marine  algae  of  the 
division  Pyrrtiophyta  (aonnonly  known  as  the  d  i  nof  1  agellates)  and  more 
specifically  frcm  benthic  and  epiphytic  species  of  this  division. 
Dinofiagellates  conprise  a  substantial  proportion  of  the  marine  food  base 
in  weunB-water  oceans  and  are  thus  direct  or  indirect  dietary  conpcnents 
of  finfish  frcn  these  regions.  The  potential  for  human  poiscning  die  to 
ciguatera-related  tx&dns  is  a  significant  public  health  and  socioeocncnic 
threat.  Ihexeface,  it  is  essential  that  the  responsible  toxins  are 
identified  and  that  effective  and  practical  detection  methods  axe 
developed.  The  objective  of  this  project  is  to  determine  the  ruifaer  and 
chanical  identity  of  toxins  associated  with  ciguatera  fish  poisoning  and 
to  develop  methodology  fcr  the  detection  of  these  toxins  in  seafood. 

The  isolation  of  ciguatera-related  toxins  frca  finfish  is  the  preferred 
approach  to  identification  and  methods  development.  However,  because  of 
the  difficulty  and  inconsistency  encountered  in  obtaining  toxic  fish 
spncimap,  the  isolation  of  toxins  from  progenitors  (dinofiagellates}  is 
ocfisidered  a  viable  alterrativs  for  identifying  the  toxins  responsible 
fnr  ciqiBtera.  The  dinoflagellats  species  ftmihip«fTiiqriis  txadrus  Adachi 
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and  FUkuyo,  ProfaxEntrum  axcavum  FUkuyo,  p.  liaa  (Efarenbezg)  Dodge, 
Qstreqpsis  siamensis  Sc±Baidt  and  O.  lenticularis  FUkuyo  are  tiie  Bost 
strcngly  iopllcated  souroes  of  ciguatera-related  bcxrins  based  \jpan  their 
distributicns,  natural  abundances  and  characteristics  of  tcodcity.  liie 
foundation  of  this  project  is  the  dinoflageilate  culture  collecticn  of 
Dr.  Robert  Dicdcey,  %^ch  includes  mltiple  strains  (different  time  and 
geographic  isolates)  of  each  of  the  species  listed  above  vith  the 
exception  of  O.  siamensis.  Other  tcodgenic  species  isolated  frcn  warm- 
water  oceans  also  are  included  in  this  collecticn,  but  these  species  are 
thought  to  be  of  lesser  significance  in  the  etiology  of  ciguatera. 


Ttaxins  of  Gaagbierriiyarus  tcxicus 

The  species  Gambierdiscus  toodcus  is  reputal  to  {Koduce  ciguatcodn  as 
described  cind  structurally  characterized  fzcm  the  Kray  eel  fLycodcntis 
iavanicus;  Thchibana  et  al.,  1981  &  )tirata  et  al..,  1989).  Hrata  et  ^Ll. 
1989,  eilso  describe  ciguatoxin  frcn  G.  tcncicus  cells  collected  frem  a 
field  locaticn  as  part  of  a  detrital  mixture.  Ihe  latter  finding  has  not 
been  substantiated  using  cultured  cells.  Rather,  the  literature  is 
replete  with  accounts  of  the  essence  of  ciguabcodn-liXe  oenpounds  frcn 
cultured  oells.  Ihe  findings  of  this  project  also  indicate  a  lack  of 
ciguatoodn-lDce  conpounds  frcn  cultured  G.  tcodcus.  However,  two  lipid- 
soluble  toxins  have  been  isolated  frcn  cultued  cells.  Ihe  quantities  of 
the  two  purified  fractions  were  snail,  0.40  mg  and  0.15  mg,  and  ccnplete 
structural  elucidation  was  not  possible.  ‘Oe  toxins  were  ompletely 
soluble  ^in  QMBO  and  methanol;  chlcrofccm  also  appeared  to  be  a  good 
solvent,  vhile  acetone  and  acetonitrile  were  poor  solvents.  Proton  NMR 
(200  MIz,  800  to  6,700  scans  in  deutyiotiilupoCtrn)  indicated  that  the 


two  iDDlecxiles  were  very  similar  in  struc±ui:e.  Naitter  c^Jiieared  to 
resonble  polyethers  of  the  trevetoscLns,  okadaic  acdd  or  ciguatcodn  dass, 
tut  rather  spectral  intarpretaticn  of  the  Timit-pri  data  indicated  that 
they  mi^it  be  fully  substituted  polycyclic  or  heteroarmatic  caqpcuxls. 
Brcmine  or  chlorine  are  presently  tlrught  to  be  likely  candidates  for 
some  of  these  substituents.  The  UV  spectra  support  in  part  the  foregoing 
interpretation.  Proton  prcvided  limited  infomation:  both  molecules 
have  two  methcDcy  groqps  (singlets  at  3.6) ,  3-4  protons  attached  to  carbon 
bearing  oocygen  (multiplets  frcn  3. 4-3. 5) ,  one  methyl  group  (doublet  at 
1.1}  oocpled  to  at  least  one  proton,  and  cne  proton  which  appears  in  a 
strained  arrangexaent  (nultiplet  at  0.9) .  Ihe  mass  spectra  of  the 
molecules  were  not  particularly  infcmative  aid  cartxn  NMR  uas 
unsuccessful.  The  anamulaticn  G.  tcpdcus  bicnass  from  culture  in  order 
to  isola^  sufficient  purified  tcodns  to  ocisplete  this  iiMestigatlcn  is 
underway. 


Ttodns  of  Prctuuaiti'uni  ooncavum  t  P.  lima 


The  discoswary  of  the  Kurine  toodn  oicadaic  erid  (QMi)  from  a  Thhitian 
strain  of  f.  lima  was  notable  as  the  first  toodn  to  be  fully 
characterized  frcn  a  dinof  lagellate  ioplicated  as  a  source  of  ciguatera- 
related  tcodns  (Hirakami  et  al.,  1982).  Ihe  synptciiBtological  and 
physical  properties  of  (A  resnahled  those  of  the  then  psurtially 
characterized  ciguatcodn  molecule  from  mcray  eel  (Thchibam  et  al. , 

1981) ,  however,  the  significance  of  (A  in  the  etiology  of  ciguatera  was 


general^  theue^  to  be  Limited. 


A 


Dtaring  the  last  quarter  of  1988,  CA  vas  isolated  and  identified  fran 
cultured  P.  crrcavum  and  ^icrtly  thereafter  aonfiraed  OA  pcoAiction  in  P. 
lima  using  aralytical  nethodology  to  be  described  below.  Positive 
structural  axifimaticn  of  fraa  P.  ccncawai  vas  provided  by  proton 
^•^R,  and  El,  +/-raB  and  +/-CI  mass  spectrcnetry  of  the  lauarivatized  and 
the  trimethylsilyl  and  pentaf  luoro-bcnzyl  derivatized  toodn.  Ihe 
identificaticn  of  CA  fraa  P.  ccncavm  was  a  first  lepiorting  for  this 
species  also  represents  the  first  and  only  ciguatera-related  toodn  to 
be  structurally  characterized  frco  the  trqpical  Atlantic.  Positive  and 
negative  ion  FAB  spiectra  of  three  other  ocniards  isolated  (^ing  the  P. 
ocncavnn  study  appear  identical  to  the  spectra  of  QA.  However,  hydroxyl 
ion  negative  d  spectra  exhibited  minor  but  distinct  differences  from 
those  of  the  QA  CH-/NCI  spectrum.  Althcu^  all  four  cospounds  provided 
an  intense  refpcnse  at  m/z  803  [M-H]'*',  adl  taot  QA  showed  a  tendency  to 
form  hydroxyl  adclxrt  ions.  Prelimirary  iiiterpretatians  of  the  spectral 
data  indicate  these  minor  coopeunds  are  isemers  or  pmtahydraxylated 
ar^logues  of  QA.  Efforts  to  define  the  structural  differences  of  these 
minor  ccapcuids  are  in  progress. 


Ihe  mass  spectral  analysis  of  QA  has  recently  been  expanded  to  include 
new  derivative  spectra  and  MS/M5.  Ihe  spectra  were  ccopiled  into  a  data 
set  useful  for  aralysts  in  identifying  and  <|aantLfying  QA  in  samples  of 
biological  origin.  Ihe  El  and  pxsitlve  Cl  spectral  patterns  of  the 
underivatlzed  are  oonpatlble  with  the  tctrahydcoDeylatad  cyclic  heptaether 
structure.  Hi^  resolution  electron  capture  d  of  the  paentafluotTijaizyl 
ester  derivative  oenfirmed  the  elemental  coipasitian  of  the  cartxacyLate 
anion  (C44Hg70]3} .  Both  the  positive  and  negative  FAB  spectra  oenfimed 


the  iDolecular  wei<^h±.  of  804  for  the  underivatized  acid,  and  81S  for  the 
methyl  ester  derivative.  Significant  qialitative  and  quantitative 
spectral  changes  were  observed  both  in  the  siiiple  emd  the  MS/)6  ^lectra 
upon  addition  of  arancniuo  or  alkali  metal  salts  to  the  matrix,  zefLecting 
the  acid's  icnophcric  nature. 

In  related  work,  a  method  has  developed  a  method  for  the  derivatizaticn 
cind  HFIC-f luoannetric  detenni naticn  of  CA.  The  CA  wlpraiiA  possesses  few 
structural  features  «^ch  absorb  in  the  UV-VIS  region  and  ocnsequently 
detection  by  oonventioraJ  spectrophotoDetric  means  are  insufficient  for 
detecting  quantities  of  public  health  significance.  A  method  for  HFIC- 
flucrcnetric  determimticn  using  O-anthrylidiazciDethane  (ATAM)  as  a 
fluorescent  derivatizing  reagent  has  been  proposed  (lee  et  al. ,  1987) . 
However,  the  MlAM  reagent  is  unstable  in  the  solid  and  solubilized  fora 
and  therefore  must  be  prepared  shortly  before  each  use.  The  instabiJity 
of  ADAM  renders  it  a  cuDbersame,  time-oensuRung  and  potentially 
unreliable  derivatizing  reagent  for  mitine  usage.  A  new  fluorescent 
labeling  reagent,  l-pyrenyldiazcnethane  (FOAM)  was  reported  to  be  stable 
as  a  solid  for  5  years  at  -2(Pc  for  at  least  one  week  fren  preparation. 

In  a  recent  study,  the  FDAM  reagent  was  found  to  be  a  stable  and  useful 
tool,  readily  reactive  with  QA  at  5cPc  without  catalysis,  providing  a 
fluoresccsit  ester,  pYrenylmcthylokadaate  (HC) ,  easily  detectable  by 
HPLC-fluoraaetry.  This  amlytical  method  was  developed  to  determine  the 
Gcncentraticn  of  CA  in  laboratory  cultures  of  p.  ocreavum  and  p.  1  ima- 
Gkadaic  ^acid  in  extracts  of  cells  was  estmrified  with  FOAM  in  metheuiol- 
cthyl  acetate  (1:1) .  The  fluorescent  ester,  RO,  was  analyzed  on  a  CDS 
uoluon  using  <ioetcnitrile-water  (75:25)  as  eluant.  Hie  fluorescence 


respcnse  was  nx^asured  at  cin  excitation  wavelength  of  340  ra  and  emission 
wavelength  of  389  rm.  ihe  identity  of  the  E90  peak  was  oonfirmed  fay  mass 
spectrcmetry  using  desrrpticn  checucal  ionization  foUawixig 
trimethylsilylation.  The  standard  curve  generated  with  pure  OA  was 
linear*  over  a  range  of  1-200  ng  (r=0.9996) .  Analyses  of  culture  extracts 
indicated  that  the  npllnlar-  ocntent  of  QA  in  f .  ocncavum  and  P.  lima 
increased  with  culture  age,  exhibiting  royirng*  in  late  staticrary  phase  of 
8.14  pg/cell  and  6.87  pg/cell,  respectively.  Hie  perfamance  and  utility 
of  the  PDAM  method  for  the  determirxiticn  of  QA  is  currently  being 
ccnpared  %dth  a  method  recently  developed  by  project  15827  utilizing  1- 
hranaoetylpyrene  (BAP)  as  fluorescent  labeling  reagent.  Preliminary 
findings  indicate  the  ester  if  icaticn  of  QA  and  aralogues  using  BAP  is 
more  easily  ccntroUed  because  of  the  need  for  catalysis,  and  the  prrxkict 
chmoatograms  contain  fewer  extraneous  peaks  that  the  ADAM  cr  PDAM 
prockicts. 


Bioactives  from  dinoflaoellate-associated  bacteria 

Bacterial  isolations  from  dinoflagellate  stock  cultures  and  frca  recent 
field  ooUections  favs  yielded  over  120  strains  of  bacteria  for 
taxioological  and  related  investigations.  Hie  bacteria  collection  tes 
been  characterized  by  traditional  biochemical  and  ggyyptibil  ity  patterns 
%hich  have  resulted  in  a  few  typings  to  genus.  Several  of  the  bacterial 
strains  have  boon  determined  to  inhibit  the  growth  of  enpeting  strains 
in  culture.  Hie  bacterial  ooUecticn  is  currently  under  evaliation  for 
the  pret^enoe  of  toDugenic  strains  and  for  influential  affects  qpen 
dinoflagellate  toxigenicity. 


